s.TETE ET AL. stem cells derived from both embriogenic (5) (6) (7) and post-natal tissue (8) . Embryonic stem cells (ES) extracted from the Inner Cell Mass OCM) of a blastocyst, are considered to be pluripotent (9) . They can differentiate in almost all cells that arise from the three germ lines. Post-natal stem cells have been isolated from various tissues, including bone marrow, muscle, neural tissue, skin, retina, dental pulp, and dental epithelium (10) (11) (12) (13) (14) (15) .
Initial analyses have already demonstrated that DPSCs (Dental Pulp Stem Cells), like all adult stem cells, can differentiate into specialized cell types under both in vitro and in vivo conditions (15) (16) . Previous in vitro results indicate that these cells, seeded onto porous collagen, porous ceramic or fibrous titanium mesh scaffolds, deposit an abundant mineralized extracellular matrix (ECM) with expression of DSPP (Dentin Sialophosphoprotein) ( 17) .
Recently, the role of human Dental Follicular Stem Cells (DFSCs) was evaluated in hard tissue formation in relation to their capacity of self-renewal and multi-lineage differentiation. It has also been shown that human DFSCs contain an heterogeneous cell population (18) . Nevertheless, to ensure a tridimensional structure, a synthetic extracellular matrix plays an important role in the formation of functional new tissue from transplanted cells (19) . The search for the perfect biomaterial for tissue engineered bone formation still continues.
The aim of our study is to evaluate the cell attachment, differentiation, proliferation response and matrix mineralization effect of human DFSCs onto a highly porous mineral matrix (Bio-Oss", Geistlich Biomaterials, Baden-Baden, Germany) for subsequent use in bone tissue engineering.
MATERIALS AND METHODS

Biomaterial
Deproteinized sterilized bovine bone with 75% to 80% porosity was used as a scatTold, with a crystal size of approximately 10 nm in the form of cortical and cancellous blocks: Bio-Oss® (Geistlich Biomaterials, Baden-Baden, Germany). This biomaterial exhibits the same highly porous micro-architecture as human bone mineral (similar macro and microscopic structure). The crystallization dimension is 400-1000 A. The inner surface area of the material is an approximately 100m 2/g, wide interconnecting pore system.
Cells
Cells were isolated from follicles during extraction of impacted third molar of 4 healthy patients aged II years at the Oral Science Department of Chieti University. Informed consent was granted. The follicular tissue was gently taken from the tooth surface and immediately placed in a tube with a solution of Dispase I (Roche, Milan, Italy) in 4mg/ml of alpha modification of Eagle's medium (Sigma, Milan, Italy), 3mg/ml of collagenase type I (TYPEIA-S; Sigma), 1% of Penicillin/Streptomycin (Invitrogen, Milan, Italy) and I% of Claritromycin (Macladin 500mg/IOml). Enzymatic digestion was performed for I h at 37°C. Single-cell suspensions were obtained by passing the cells through a 70-llm Falcon strainer (Becton & Dickinson, Sunnyvale, CA, USA).
Cells were then centrifuged at 1200 rpm for 10 minutes. The pellets obtained were plated on 75-cm 2 culture flasks and cultured under standard conditions (5% C02, 95% 02, 37°C, saturation humidity) with complete medium [alpha modification of Eagle's medium (Sigma)] supplemented with 20% fetal bovine serum (FBS, Invitrogen), 100 11M L-ascorbic acid 2-phosphate (2-phospho-L-ascorbic acid trisodium salt; Fluka, Sigma), I% of L-Glutamine (Sigma) and I% of Penicillin/Streptomycin (Invitrogen). The medium was replaced every 3 days.
FACS analysis
At day 21 the cells of the first passage were collected, washed three times with PBS and incubated with 10 III of monoclonal antibodies marked with FITC 0 PE (Becton Dickinson, Italia) against CD14, CD15, CD29, CD34, CD45, CD90, CD146, CDI66 for 30 minutes in a dark room. Later cells were fixed and lysed with FACS lysing solution (Becton Dickinson) and analysed by FACS flow cytometer (Becton Dickinson) by Cell Quest software. The calibration was performed with four colours using the Calibrite3 plus APC (Becton Dickinson) and analysed by FACScomp software.
Cell differentiation
At week 3, cells from the primary cultures were washed twice with PBS (Phosphate ButTered Saline Solution), and then incubated in EDTA 0.2% in PBS for 10 minutes, to detach them from the substrate. The reaction was blocked with 2 ml of complete medium and the cell suspension was centrifuged for 10 minutes at 1200 rpm. The cell pellet was re-suspended in osteogenetic medium (20) and re-seeded onto 10 mm dishes, at a density of no less than Ix I0 6 per ml, in the presence or not of porous granules of Bio-Oss (200 mg/culture dish). The osteogenetic medium (20) consisted of a-MEM (Sigma), supplemented with
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SEM analysis was carried out using cell cultures at week 1 (before cell confluence) and at week 6 (at confluence onto biomaterial). The specimens were fixed for 30 min with 3% glutaraldehyde in 0.15M PBS (pH = 7.4) and then washed inO.15MPBS for 15min. To preserve the lipid structures, the specimens were washed gently for three changes every 20 min, post-fixed in 2% phosphatebuffered osmium supplemented with saccharose 0.15M at room temperature for 5 hours, given two quick changes of distilled water, dehydrated gradually, soaked with amyl acetate, carried through critical point drying, sputtered coated with gold and observed with scanning electron microscope (LEO 435 YP, Cambridge, UK) at about 15-20KY, high vacuum mode. The images were stored in TIF format with 1024x768 Grid of Pixels.
For light microscopy analysis, specimens were fixed for 4 h with 4% formaldehyde with 2% saccharose in PBS O.15M (pH=7.4), embedded in LR white Taab using TT System (TMA2 Grottammare, Italy). After polymerization, thin sections were prepared using a sawing and grinding technique. The sections were stained with toluidine blue and observed under an Axiolab microscope (ZEISS, Oberkochen , Germany) connected to a digital camera Fuji Fine Pix2 (FUJIFILM Corporation Tokyo, Japan). The images were stored in TIF format with 1024x768 Grid of Pixels.
RESULTS
By day I and all through the first week in culture, at microscopical analysis the cells resulted as being aggregated in groups with some cellular debris. At week I, cells from the initial aggregates started to expand, exhibiting a high proliferation rate and assuming a fibroblast-like shape.
FA CSanalysis
Immunophenotypic analysis was performed at week 3 to characterize the progeny of isolated DFSCs populations, by FACS flow cytometer, using a wide number of markers associated with different phenotypes (Fig. IA) . The cells did not react with hematopoietic markers CDI4, CDI5, CD34 and CD45, but they were found to be positive for cell surface antigens usually present in. mesenchymal stem cells (CD29, CD90, CDI46 and CD166/ MUC-18) (Fig. IB) . Among the dental follicles obtained from different donors the pattern of marker expression did not vary significantly.
Light microscope analysis
In primary cultures, two different cell populations can be distinguished after staining with toluidine blue: one exhibiting a spherical-like shape, the other
Fig. 2. Cells derived from human dental bud were sub-cultured in the presence (B-D-E) or not (A-C) of osteogenic medium. A: Spheric-like (0) and spindle like (S) cell populations can be distinguished; B: At week 3 cells showed 80% confluence; C: Control sample shows rare aggregation centres; D: Brown granules are discernible in high confluence areas; E: Spindle cell filopodia are evident (higher magnification).
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Fig. 3. A: Globous-shaped cells coating superficial microroughness of the biomaterial (B). The arrow indicates the nucleus; B: Flat cells with elongated nuclei (arrow) on the plane surface of Bio-oss (B); C: Cells spreading over the granule; D: Concentric cells lining haversian canal.
with a typical spindle-like shape ( Fig. 2A) . The spherical-like shaped cells gradually decreased after 3 weeks in culture. The spindle-like cells created a uniform layer and their proliferative potential remained unchanged. At week 3, cells were about 80% confluent (Fig. 2B) .
At week 6, also the cells in osteogenetic medium were stained with toluidine blue. At low magnification, the cells showed a diversified morphology and a multilayer organization. Brown granules could be seen in the high confluence areas (Fig. 2D ), but were rarely seen or absent in the low confluence areas and in cells cultured with no addition of osteogenic medium (Fig. 2C) , while at higher magnification filopodia were clearly visible ( Fig.2E) .
When seeded onto biomaterial granules, differentiated cells after 6 weeks clustered around the granules and appeared tightly attached to the surface of the biomaterial. In particular, the cells on the microrough surface assumed a globular shape, with abundant cytoplasm and round nucleus (Fig.  3A) ; while the cells attached to the plain surface appeared flat with elongated nucleus (Fig. 3B) . The cells seeded onto Bio-Oss formed a multilayer culture, which surrounded and gradually spread over the biomaterial granules (Fig. 3C ). Inside the biomaterial, a cell layer lining a Haversian canal (Fig. 3D ) was seen.
SEM analysis SEM analysis of primary culture cells showed that they had a mesenchymal stem cell-like morphostructure (Fig. 4) with rounded nuclei. Filopodia surrounded the cell surface and formed a thick extracellular net by connecting the cells to each other (Fig. 5A ). Fiber deposits could be observed on the granule surfaces. These fibers were oriented towards the scaffold granules in a parallel way. SEM analysis showed a close contact between cells and Bio-Oss granules (Fig. 5B ). In culture medium, cells in the layer (L) facing the biomaterial were polygonal (P), while those in the superficial layer were spindle-shaped (S) (Fig. 5C ). Some filopodia linking different cells and a large number of exocitosis vescicles were detected (Fig. 5C,D) .
DISCUSSION
In bone tissue engineering the use of a suitable scaffold material is of critical importance to support cell proliferation and differentiation and mimic the natural architecture to promote hard tissue regeneration. Currently, bone marrow is considered the best source of mesenchymal stem cells, notwithstanding the observation that the number of these cells decreases with the age of the subject (21) and the technical difficulties for the patient due to the invasivity of taking the sample and to the possibility of viral contamination of the sample itself. These reasons moved the attention of the researchers toward a new alternative source of mesenchymal stem cells. In the present study DFSCs in culture showed the typical immunophenotypic characterization of progenitor mesenchymal stem cells CD29+, CD90+, CDI46+, CD166+ and CD34-, CD45-. In fact, the cytofluorimetric analysis using specific antibodies permitted to exclude that in the primary undifferentiated cultures from human dental bud, hematopoietic progenitor cells were present. The negativity for the hematopoietic marker CD34 was in accordance with the findings ofTrubiani et al (22) for cell cultures from human periodontal ligament. Also in the study of Nagatomo et al (23) , with culture derived from the same tissue, it was possible to evaluate only I% of positivity for the marker CD34. Our results are different from previous data on dental pulp stem cells which reported that 10% of the analyzed cellular population was positive for the hematopoietic marker CD34 (16) . Furthermore, our cytofluorimetric analysis confirmed that the cells were positive for the mesenchymal markers CD 166 and CD29. By light microscope, we also confirmed that the growth of these cells was similar to what is reported in literature, on the basis of morphology and proliferation rate (15, 24) .
It is very interesting that the cells in culture at the base of the particles of Bio-Oss, formed some "bridges" that allowed the other cells to move upward on the microrough surface ofthe biomaterial, against the force of gravity, confirming the high osteoconductive capacity of the biomaterial. SEM analysis of primary culture cells showed they had a mesenchymal stem cell-like morphostructure, spindle shaped, similar to the culture of mesenchymal stem cells derived from adult bone marrow (25) (26) (27) . After osteogenic differentiation, SEM analysis consented also to appreciate the typical cellular morphostructure of the osteoblasts. Moreover, a great number of cells were shown to coat the surface depressions of Bioass, showing a close contact between the cells and the biomaterial.
Thus, these in vitro experiments, demonstrate that the highly porous bovine hydroxyapatite scaffold supports cellular differentiation, favoring the formation of extracellular matrix with a parallel orientation of the fibers. It provides a favorable scaffold for human osteoblast-like cells to attach, proliferate, and synthesize extracellular matrix. Furthermore, dental follicle might be considered an easily available suitable source of stem cells. From a clinical perspective, the present study not only demonstrates an excellent osteoconductivity and biocompatibility of the Bio-oss" in a threedimensional human DFSCs culture system, but also indicates its potential for tissue-engineered growth of human bone using bone cell autografts. The culture of these cells onto the bone substitute would allow to personalize the scaffold and accelerate in a drastic way the ability of the osteogenetic processes.
